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    Graphene, a monolayer of sp2-bonded carbon atoms, is a quasi-two-dimensional 
material. It is only one carbon atomic layer thick. The unique structure of graphene 
makes it have some excellent physical and chemical properties, such as an extremely 
large strength, highly flexiblity, excellent electrical conductivity, large electron 
mobility and relatively large Young's modulus. This makes graphene a great value on 
the applications of nano-electronic devices, supercomputers, solar cells, transparent 
electrodes, and so on. However, the premise of this is the preparation of large-scale 
and high-quality graphene. Currenly, there exsist several preparation methods of 
graphene, but it is necessary to realize the large-scale, high-quality and controllabe 
growth of graphene for different applications. Based on the comparison of several 
existing methods, it is found that chemical vapor deposition (CVD) is the most likely 
to achieve this requirement. Plasma-enhanced CVD (PECVD), compared to 
traditional CVD, has a number of advantages, such as lower temperature, faster 
deposition rate, etc. This makes PECVD become an outstanding method to fabricate 
large-scale graphene. 
    In this dissertation, PECVD was used to fabricate graphene on copper foils under 
different experimental conditions (including working gas, substrate temperature, RF 
power and deposition time). The morphology and structure of the synthesized 
graphene were studied using Raman spectroscope and scanning electron microscope. 
We further explored the possibility of using graphene and N-doped graphene as 
cathode materials against lithium plates for Li-ion batteries. The properties of 
batteries were studied by constant current charge-discharge method. It is found that 
the specific capacity of graphene based Li-ion batteries increases as the RF power and 
deposition time increase. The cycle efficiency remains over 90% after 100 
charge-discharge cycles. Particularly, N-doped graphene based Li-ion battery shows 
excellent electrochemical properties with a specific capacity of 550mAh/g and cycle 















    In addition, the graphene was successfully transfered to SiO2 decorated Si 
substrate. Then, the electrical properties of graphene were studied by Hall effect 
system. The carrier mobility of graphene was 695cm2/V·s. Finally, graphene was 
directly synthesized on SiO2 decorated Si substrate without using any catalyst. This 
new method enables graphene to be directly applied to many devices. 
 

















摘要 ............................................................................................................. I 
Abstract ................................................................................................... III 
第一章 绪论 .............................................................................................. 1 
1.1 引言 ......................................................... 1 
1.2 石墨烯的结构及性质 ........................................... 1 
1.2.1 石墨烯的结构.............................................................................................. 1 
1.2.2 石墨烯的性质.............................................................................................. 2 
1.3 石墨烯的制备方法 ............................................. 6 
1.3.1 机械剥离法................................................................................................... 6 
1.3.2 化学气相沉积法........................................................................................... 7 
1.3.3 氧化还原法................................................................................................... 9 
1.3.4 SiC 外延生长法.......................................................................................... 10 
1.4 石墨烯应用现状 .............................................. 11 
1.4.1 透明导电膜................................................................................................ 11 
1.4.2 储能材料.................................................................................................... 12 
1.4.3 石墨烯基太阳能电池................................................................................. 13 
1.5 本文研究目的与内容 .......................................... 14 
第二章 实验及表征方法 ........................................................................ 15 
2.1 引言 ........................................................ 15 
2.2 实验部分 .................................................... 15 
2.2.1 实验仪器及设备........................................................................................ 15 
2.2.2 实验过程.................................................................................................... 17 
2.3 石墨烯的检测与表征 .......................................... 17 
2.3.1 Raman 光谱 ............................................................................................... 17 
2.3.2 扫描电子显微镜........................................................................................ 19 















第三章 铜基底沉积石墨烯参数优化 .................................................... 22 
3.1 不同氢气流量对生长石墨烯的影响 .............................. 22 
3.1.1 石墨烯的生长参数.................................................................................... 22 
3.1.2 Raman 光谱结果 ........................................................................................ 23 
3.1.3 SEM 结果 ................................................................................................... 25 
3.1.4 小结............................................................................................................ 26 
3.2 不同氩气流量对石墨烯生长的影响 .............................. 26 
3.2.1 石墨烯的生长参数.................................................................................... 26 
3.2.2 Raman 光谱结果 ........................................................................................ 27 
3.2.3 SEM 结果 ................................................................................................... 28 
3.2.4 小结............................................................................................................. 30 
3.3 不同温度对石墨烯生长的影响 .................................. 30 
3.3.1 石墨烯的生长参数.................................................................................... 30 
3.3.2 Raman 光谱结果 ........................................................................................ 31 
3.3.3 SEM 结果 ................................................................................................... 32 
3.3.4 小结............................................................................................................ 34 
3.4 不同放电功率对生长石墨烯的影响 .............................. 34 
3.4.1 石墨烯生长参数........................................................................................ 34 
3.4.2 Raman 光谱结果 ........................................................................................ 35 
3.4.3 SEM 结果 ................................................................................................... 37 
3.4.4 小结............................................................................................................ 39 
3.5 不同沉积时间对石墨烯生长的影响 .............................. 39 
3.5.1 石墨烯生长参数........................................................................................ 39 
3.5.2 Raman 光谱结果 ........................................................................................ 40 
3.5.3 SEM 结果 ................................................................................................... 41 
3.5.4 小结............................................................................................................ 42 
3.6 生长机理分析 ................................................ 42 
3.7 总结 ........................................................ 44 
第四章 石墨烯锂离子电池性能探究 .................................................... 45 
4.1 引言 ........................................................ 45 















4.1.2 扣式电池结构，组装工艺及性能测试方法............................................ 46 
4.2 不同功率条件制备的石墨烯扣式电池性能 ........................ 48 
4.2.1 恒流充放电曲线......................................................................................... 48 
4.2.2 循环性能测试............................................................................................ 51 
4.3 不同沉积时间条件制备的石墨烯扣式电池性能 .................... 52 
4.3.1 石墨烯沉积参数........................................................................................ 52 
4.3.2 恒流充放电曲线........................................................................................ 53 
4.3.3 循环性能测试............................................................................................ 54 
4.4 氮掺杂石墨烯扣式电池性能 .................................... 55 
4.4.1 简介............................................................................................................ 55 
4.4.2 氮掺杂石墨烯制备参数............................................................................ 56 
4.4.3 掺杂表征结果............................................................................................ 56 
4.4.4 恒流充放电测试......................................................................................... 58 
4.4.5 循环性能测试............................................................................................ 59 
4.5 总结 ........................................................ 59 
第五章 石墨烯的转移及硅基底上沉积石墨烯实验 ............................ 61 
5.1 石墨烯的转移 ................................................ 61 
5.1.1 石墨烯转移至 Si-SiO2 基底 ....................................................................... 61 
5.1.2 Raman 光谱结果 ........................................................................................ 63 
5.1.3 霍尔效应检测............................................................................................ 64 
5.2 硅基底上直接生长石墨烯工艺研究 .............................. 65 
5.2.1 Raman 光谱结果 ........................................................................................ 66 
5.2.2 SEM 结果 ................................................................................................... 67 
5.3 总结 ........................................................ 69 
第六章 结论 ............................................................................................ 70 
参考文献 .................................................................................................. 71 















Table of contents 
Chinese abstract ........................................................................................ I 
Abstract ................................................................................................... III 
Chapter 1 General introduction .............................................................. 1 
1.1 Introduction ........................................................................................................ 1 
1.2 Structure and properties of graphene .............................................................. 1 
1.2.1 Structure of graphene .................................................................................... 1 
1.2.2 Properties of graphene .................................................................................. 2 
1.3 Preparation methods of graphene .................................................................... 6 
1.3.1 Mechanical exfoliation method ..................................................................... 6 
1.3.2 Chemical vapor deposition method .............................................................. 7 
1.3.3 Oxidation-reduction method ......................................................................... 9 
1.3.4 Growth of epitaxial graphene on SiC .......................................................... 10 
1.4 Application status of graphene ....................................................................... 11 
1.4.1 Transparent conductive films ...................................................................... 11 
1.4.2 Energy storage materials ............................................................................. 12 
1.4.3 Graphene-on-silicon heterojunction solar cells .......................................... 13 
1.5 Research significance and main contents of this dissertation ...................... 14 
Chapter 2 Introduction of experiment and characterization methods
 ................................................................................................................... 15 
2.1 Introduction ...................................................................................................... 15 
2.2 Introduction of experiment ............................................................................. 15 
2.1.1 Experimental devices .................................................................................. 15 
2.2.2 Processes of experiment .............................................................................. 17 
2.3 Characterization methods of graphene .......................................................... 17 















2.3.2 Scanning electron microscope .................................................................... 19 
2.3.3 Hall effect measurement system ................................................................. 20 
Chapter 3 Synthesis of graphene on copper substrates ...................... 22 
3.1 Effect of the hydrogen flow rate on the graphene growth ............................ 22 
3.1.1 Experimental parameters of graphene growth ............................................ 22 
3.1.2 Results of Raman spectra ............................................................................ 23 
3.1.3 Results of SEM ........................................................................................... 25 
3.1.4 Conclusion .................................................................................................. 26 
3.2 Effect of the argon flow rate on the graphene growth .................................. 26 
3.2.1 Experimental parameters of graphene growth ............................................ 26 
3.2.2 Results of Raman spectra ............................................................................ 27 
3.2.3 Results of SEM ........................................................................................... 28 
3.2.4 Conclusion .................................................................................................. 30 
3.3 Effect of the temperature on the graphene growth ....................................... 30 
3.3.1 Experimental parameters of graphene growth ............................................ 30 
3.3.2 Results of Raman spectra ............................................................................ 31 
3.3.3 Results of SEM ........................................................................................... 32 
3.3.4 Conclusion .................................................................................................. 33 
3.4 Effect of the RF power on the graphene growth ........................................... 34 
3.4.1 Experimental parameters of graphene growth ............................................ 34 
3.4.2 Results of Raman spectra ............................................................................ 34 
3.4.3 Results of SEM ........................................................................................... 37 
3.4.4 Conclusion .................................................................................................. 39 
3.5 Effect of the deposition time on the graphene growth .................................. 39 
3.5.1 Experimental parameters of graphene growth ............................................ 39 
3.5.2 Results of Raman spectra ............................................................................ 40 
3.5.3 Results of SEM ........................................................................................... 41 
3.5.4 Conclusion .................................................................................................. 42 
3.6 Growth mechanism of vertical-oriented graphene nanoflakes  .................. 42 
3.7 Chapter summary ............................................................................................ 44 















lithium-ion batteries ............................................................................... 45 
4.1 Introduction ...................................................................................................... 45 
4.1.1 Working principle of lithium ion battery .................................................... 45 
4.1.2 Structure, assembling processes and testing methods of coin-type cell ..... 46 
4.2 Performance of graphene based coin-type cells prepared under different 
RF powers ............................................................................................................... 48 
4.2.1 Charge/discharge curves of graphene based coin-type cells ....................... 48 
4.2.2 Cycle performance of the graphene based coin-type cells .......................... 51 
4.3 Performance of graphene based coin-type cells prepared under different 
deposition times ...................................................................................................... 52 
4.3.1 Experimental parameters of graphene growth ............................................ 52 
4.3.2 Charge/discharge curves of graphene based coin-type cells ....................... 53 
4.3.3 Cycle performance of the graphene based coin-type cells .......................... 54 
4.4 Performance of N-doped graphene based coin-type cell .............................. 55 
4.4.1 Introduction ................................................................................................. 55 
4.4.2 Experimental parameters of N-doped graphene growth ............................. 56 
4.4.3 Characterization results of N-doped graphene ............................................ 56 
4.4.4 Charge/discharge curves of N-doped graphene based coin-type cell ......... 58 
4.4.5 Cycle performance of the N-doped graphene based coin-type cell ............ 59 
4.5 Chapter summary ............................................................................................ 59 
Chapter 5 Transfer of graphene and synthesis of graphene on silicon 
substrate ................................................................................................... 61 
5.1 Transfer of graphene........................................................................................ 61 
5.1.1 Transfer of graphene into Si-SiO2 substrate ................................................ 61 
5.1.2 Results of Raman spectra ............................................................................ 63 
5.1.3 Results of Hall effect measurement system ................................................ 64 
5.2 Synthesis of graphene on silicon substrate .................................................... 65 
5.2.1 Results of Raman spectra ............................................................................ 66 
5.2.2 Results of SEM ........................................................................................... 67 















Chapter 6 Summary of this dissertation ............................................... 70 























Andre Geim 和 Konstantin Novoselov 教授通过机械剥离法制得[1]，而他们也因为
在石墨烯领域方面的开创性工作获得了 2010 年的诺贝尔物理学奖。 
1.2 石墨烯的结构及性质 
1.2.1 石墨烯的结构 




含两个碳原子，每个原子具有 1 个 s轨道和 2 个面内 p轨道。碳原子的 2s轨道
与 2px和 2py轨道杂化，与最邻近的 3 个碳原子形成 3 个 σ 键，构成稳定的碳平
面结构，其余的 1 个 p电子与石墨烯平面垂直，它和周围碳原子的电子云形成大
π键，使得石墨烯具有二维平面传导特性。     































图 1.1 石墨烯的基本结构 












图 1-2 石墨烯与其他碳的同素异形体关系示意图：A 富勒烯；B 碳纳米管；C
石墨 
Fig.1-2 Relationship between graphene and its derivatives: (A) Fullerene; (B) carbon 
nanotube; (C) graphite. 
 
1.2.2 石墨烯的性质 
    由于石墨烯具有特殊的晶体结构，它具有优异的电学、力学、热学、光学性
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